In this paper we derive some general recurrence relations between single and product moments of dual generalized order statistics from a general class of distributions, thus generalizing and unifying the earlier results in this direction due to several authors.
Introduction
Kamps (1995a) has introduced generalized order statistics as a unified approach to several models of ascendingly ordered random variables, e.g., ordinary order statistics, sequential order statistics, progressively type II censored order statistics, upper records and upper Pfeifer records (see Kamps, 1995b or ). However, random variables that are descendingly ordered can not be integrated into this framework. Burkschat et al. (2003) introduced dual generalized order statistics (dgos) as a unification of several models of descendingly ordered random variables like, reversed order statistics X n:n , . . . , X 1:n , lower k-records and lower Pfeifer records. For any result in the initial model of generalized order statistics, there exists a corresponding one in the dual model. Let {X n , n ≥ 1} be a sequence of independent and identically distributed random variables with cdf F(x) and pdf f (x). Let X j:n denote the j th order statistic of a sample (X 1 , X 2 , . . . , X n ). Assume that n ∈ N, k ≥ 1, m ∈ R be the parameters such that
By the dual generalized order statistics from an absolutely continuous distribution F(x) with density function f (x) we mean random variables X ′ (1, n,m, k) , . . . , X ′ (n, n,m, k) having the joint density function of the form
For convenience, let us define X ′ (0, n,m, k) = 0. It may be mentioned that for 
, the joint distribution of dual generalized order statistics equals that of the lower k-records. We may consider two cases:
For Case I, the r th dual generalized order statistic will be denoted by X ′ (r, n, m, k), and the pdf of
Also, the joint pdf of X ′ (r, n, m, k) and
where
(r,n,m,k) denote the i th moment of the r th dual generalized order statistic X ′ (r, n, m, k). Similarly, µ (i, j) (r,s,n,m,k) denotes the (i, j) th product moment of the r th and s th dual generalized order statistics.
For Case II, the r th dual generalized order statistic will be denoted by X ′ (r, n,m, k), and the pdf of
Also, the joint pdf of X ′ (r, n,m, k) and
In the above case II, let µ 
where W r = ∏ r j=1 B j , B j being independent random variables distributed as β 1 (γ j , 1) having c.d.f.
In this paper, we derive some general recurrence relations satisfied by the single and product moments of dual generalized order statistics from a general class of distributions with p.d.f. f (x) and c.d.f. F(x) satisfying the characterizing differential equation:
where w and z are integers and α ′ s and β ′ s are arbitrary real constants.
Recurrence Relations for Single Moments
In this section, we shall establish recurrence relations for single moments of dual generalized order statistics from a general class of distributions satisfying the relation given in equation (1.8) .
Proof. For 1 ≤ r ≤ n and i = 0, 1, 2, . . . , we have in view of (1.2),
Utilizing Eq. (1.8), we get
Integrating by parts of equation (2.2), treating x i+v for integration and rest of the integrand for differentiation, we get
Simplifying above terms and rearranging them, we derive the relation in (2.1) on using (1.2).
Remark 2.1. For r = 1, the relation in (2.1) involves a term µ (i+v+1) (0,n,m,k) whose value will be taken as zero since we have defined X ′ (0, n, m, k) = 0. Case II: 
which on using (1.8), gives
Integrating by parts treating x p+v for integration and rest of the integrand for differentiation, we get the required result (2.3). 
and for s = r + 1,
Proof. On employing (1.3) we have, for 1 ≤ r ≤ s < n and i, j = 0, 1, 2, . . .
Integrating by parts treating y j+v for integration and rest of the integrand for differentiation and substituting the value of I(x) in (3.3) and simplifying, we get the required result (3.1). In a similar manner, (3.2) can be easily established.
Remark 3.1. Under the assumptions of Theorem 3.1, with k = 1, m = 0 we shall obtain the recurrence relations for product moments of reversed order statistics from the general class of distributions (1.8).
Remark 3.2. Putting k = 0, m = −1 in Theorem 3.1, we obtain the recurrence relations for product moments of lower record values from the general class of distributions (1.8).
Case II:
Proof. For 1 ≤ r < s ≤ n and p, q = 0, 1, 2, . . . , we have from (1.5),
Integrating by parts treating y q+v for integration and rest of the integrand for differentiation, we get
Substituting the above expression for I(x) in (3.6) and simplifying, we derive the relation in (3.5). 
and 9) we observe that (1.8) reduces to 10) which is the characterizing differential equation for power function distribution with p.d.f. in the form
One can deduce the recurrence relations for single and product moments of dual generalized order statistics from power function distribution for the particular values of parameters involved.
Remark 3.5. One can deduce the recurrence relations of single and product moments of dual generalized order statistics from Frechet distribution for the particular values of parameters.
